ABSTRACT
INTRODUCTION
Open radical cystectomy (RC) with urinary diversion is currently accepted as the gold-standard surgical approach in the management of muscle-invasive bladder cancer and for patients with high-grade, recurrent, noninvasive tumors. 1 After the introduction of the da Vinci S 4-arm surgical robot (Intuitive Surgical, Sunnyvale, California), robotassisted radical cystectomy (RARC) is more frequently being performed, although the number of centers performing intracorporeal Studer urinary diversion after RARC is very limited currently. We have recently reported our experience and technique related to neurovascular bundle (NVB)-sparing RARC and intracorporeal urinary diversion including 12 and 27 cases. 2, 3 In this article we retrospectively report comparative outcomes of open versus totally intracorporeal RARC, bilateral pelvic lymph node dissection (PLND), and Studer urinary diversion in bladder cancer patients.
MATERIALS AND METHODS
Between December 2009 and January 2013, we performed open RC, bilateral PLND, and Studer pouch urinary diversion in 42 patients (41 men and 1 woman) and RARC, bilateral extended PLND, and intracorporeal Studer pouch urinary diversion in 32 patients (29 men and 3 women) for invasive bladder cancer. Anterior pelvic exenteration was also performed in female patients. Overall, 5 different surgeons have performed both the open and robotic cases.
The da Vinci S 4-arm surgical robot was used for RARC procedures. Patients with a history of abdominopelvic radiotherapy and major abdominal surgery were excluded from undergoing the robotic approach. We have recently published our initial experience and surgical technique in detail regarding RARC and intracorporeal urinary diversion for invasive bladder cancer. 2, 3 The mean age was 61.4 Ϯ 10 years (range, 41-80 years) in patients who underwent the open approach and 62.2 Ϯ 10.6 years (range, 41-80 years) in those who underwent the robotic approach. Comparative patient demographic data of both groups are presented in Table 1 . Complications that occurred during the perioperative (30-day) period and within 31 to 90 days of surgery were graded according to the modified Clavien system. 4 Overall, 42 patients who underwent open RC, bilateral PLND, and Studer pouch reconstruction for bladder cancer at our institution were included for retrospective comparison with the robotic approach. The group undergoing open RC, bilateral PLND, and Studer pouch reconstruction and the group undergoing RARC, bilateral extended PLND, and intracorporeal Studer pouch reconstruction for bladder cancer were compared in terms of patient demographic data, operative and postoperative parameters, pathologic parameters, and complications. For the comparison of functional outcomes (urinary continence and erectile function), patients who had completed 9 months of postoperative follow-up were selected and compared.
Postoperative Functional Evaluation
Daytime incontinence and nighttime incontinence were evaluated and are presented at latest follow-up for each patient. Daytime urinary incontinence was measured as none (0 -1 security pad per day), mild (1-2 pads per day), moderate (3 pads per day), or severe (Ͼ3 pads per day) as described by Lantz et al. 5 Nighttime urinary incontinence was measured as good (dry with no protection), fair (dry with 1 awakening), or poor (wet, leakage, and incontinence during sleep) as described by Kulkarni et al. 6 Erectile function was assessed using the International Index of Erectile Function (IIEF) scores described by Rosen et al 7 as follows: severe dysfunction, IIEF score Ͻ7; moderate dysfunction, IIEF score of 7 to 12; mild to moderate b Previous abdominal surgery included partial cystectomy (n ϭ 1), abdominal surgery for peptic ulcer (n ϭ 2), inguinal hernia repair (n ϭ 3), laparotomy for ileus (n ϭ 1), and appendectomy (n ϭ 2) in the open group and included inguinal hernia repair (n ϭ 1), splenectomy (n ϭ 1), appendectomy (n ϭ 3), and cholecystectomy (n ϭ 1) in the robotic group. 
RESULTS
Outcomes were evaluated and are presented retrospectively. Among the patients who underwent RARC, the mean operative time was 9.77 Ϯ 1.27 hours (range, 7.05-12.45 hours) and mean estimated blood loss was 415 Ϯ 227.5 mL (range, 100 -1200 mL). Overall, 29 patients (58%) had organ-confined disease and 21 patients (42%) had local extravesical disease. The mean lymph node (LN) yield was 22.09 Ϯ 10.6. Positive soft-tissue margins were detected in 3 patients (6%). Operative, postoperative, and pathologic parameters are shown in Tables 2 and 3 . Minor complications (grades 1 and 2) were detected in 38 patients and 13 patients during the 0-to 30-day (perioperative) period and 31-to 90-day period, respectively. Major complications (grades 3-5) were detected in 15 patients and 8 patients during the 0-to 30-day (perioperative) period and 31-to 90-day period, respectively. Complications according to the modified Clavien system are presented in Table 4 .
Adjuvant chemotherapy was offered to patients who had pT3b-pT4 and/or LN metastasis. estimated blood loss was significantly lower in the robotic group (412.5 Ϯ 208.3 mL vs 1314.3 Ϯ 987.1 mL, P Ͻ .001) ( Table 2) . Transfusion was performed in 18 patients (56%) in the robotic groups versus 40 patients (95%) in the open group (P Ͻ .001). The mean LN yield was significantly higher in the robotic group (25.4 Ϯ 9.7 vs 17.2 Ϯ 13.5, P ϭ .005) ( Table 3) . Although minor and major complications were similar between the groups, the robotic group had a significantly decreased readmission rate for minor complications during 31 to 90 days postoperatively ( Table 4) .
Figures 1-5
show trocar placement sites and the appearance of the bilaterally preserved NVBs in the pelvis after RARC, bilateral extended PLND, and completed robotic intracorporeal Studer pouch reconstruction. Figure 5 shows the immediate postoperative abdominal appearance of a patient who underwent RARC, bilateral extended PLND, and intracorporeal Studer pouch urinary reconstruction. Figures 6a and 6b show healed surgical wounds after RARC and intracorporeal Studer pouch urinary reconstruction in a 72-year-old female patient and a 65-year-old male patient, respectively. 
DISCUSSION
Although open RC with urinary diversion is the goldstandard surgical treatment in the management of muscleinvasive bladder cancer and for patients with high-grade, recurrent, noninvasive tumors, 1 RARC is increasingly being performed with mostly extracorporeal or less frequently intracorporeal urinary diversion. There were no statistically significant differences detected between the groups (open and robotic) regarding all parameters related to daytime and nighttime urinary incontinence. However, there was a trend toward improved daytime continence with no pad use and decreased rates of severe daytime incontinence. a FU, follow-up; M/F ϭ male/female; NNS ϭ non-nerve sparing; NVB ϭ neurovascular bundle. study, are mostly retrospective, with limited numbers of patients. Only 2 prospective randomized studies exist, with very limited numbers of patients, and in those series urinary diversion was performed at the discretion of the surgeon, mostly extracorporeally. 8, 9 Therefore, to our knowledge, our study is the first to perform a head-tohead comparison of these 2 particular groups retrospectively.
In our study the median operative time was similar in both groups ( Table 2 ) (P Ͼ .05). Although some studies reported similar operative times between the open and robotic RC groups, 9,10 others reported increased operative times in the robotic group. 8, [11] [12] [13] Obviously, factors such as surgeon experience, type of urinary diversion, and whether urinary diversion was performed by an extracorporeal or intracorporeal approach might have an impact on the operative time that needs to be taken into account in comparative studies. In our study the numbers of patients undergoing bilateral NVB-sparing surgery and bilateral extended PLND were significantly higher in the robotic group, and this might have increased the operative time in the robotic group. In addition, this might also suggest that the robotic approach enabled the console surgeon to perform NVB-sparing surgery rather than nonnerve-sparing surgery in a greater number of patients, which might have an impact particularly on the postoperative functional outcomes and, in turn, might be an advantage of robotic surgery. In our study, mean estimated blood loss was significantly lower in the robotic group (412.5 Ϯ 208.3 mL vs 1314.3 Ϯ 987.1 mL, P Ͻ .001) ( Table 2 ). Other authors have also reported decreased estimated blood loss 8 -13 and decreased transfusion rates with the robotic approach. 9, [11] [12] [13] In addition, in our series anatomic anomalies such as the presence of an accessory pudendal artery and ureteral duplication were detected only in the robotic group, with no such anatomic anomalies in the open group ( Table 2) ; this finding might suggest that with magnified and 3-dimensional vision in robotic surgery, anatomic variations might be better detected and preserved. Other operative, postoperative, and pathologic parameters were similar in both groups (Tables 2 and 3 ). Therefore the robotic approach seems to carry the advantage of significantly decreased blood loss compared with open surgery.
The mean time to intake of a liquid diet, mean time to resumption of a regular diet, mean time to ambulation, mean lodge drain removal time, and mean length of hospital stay were similar in both groups in our series ( Table  2) . Some studies reported a quicker return of bowel function 8, 13 and decreased time to resumption of a regular diet in the robotic group. 13, 14 On the other hand, similar outcomes were reported by other studies between the groups in terms of time to resumption of a regular diet. 9 Nix et al 8 reported lower use of inpatient narcotics in their robotic group. A shorter hospital stay in patients undergoing the robotic approach was reported by some studies, 9,13-15 whereas other studies reported similar durations. 11, 12 In our series, in patients undergoing the robotic approach, we were much more cautious regarding starting liquid and regular diets, and this might have prolonged these parameters, in addition to the mean drain removal time and length of hospital stay, because these patients were our initial totally intracorporeal Studer pouch reconstruction patients. However, our current policy is to have patients start liquid and regular diets as soon as possible after the totally intracorporeal robotic approach and to discharge the patients whenever possible. Therefore we expect that in our future experience, the totally intracorporeal approach might carry an advantage particularly related to these parameters compared with the open approach. Another speculation is that decreased fluid loss from the bowels in totally intracorporeal urinary diversion might have a positive impact on postoperative bowel function recovery. This might thus further decrease the time to intake of liquid and regular diets and length of hospital stay and warrants further research. The robotic approach has also been compared with the open approach in terms of complications. Although the numbers of minor and major complications were greater in the open group than in the group undergoing the RARC approach in our series, no statistically significant differences were detected between the 2 groups ( Table 4 ). In addition, the readmission rate for minor complications between 31 and 90 days postoperatively was significantly lower in the robotic group than in the open group in our series ( Table 4) . In a prospective study by Ng et al, 10 RARC was found to be an independent predictor of fewer overall and major complications at 30 and 90 days postoperatively. The rate of major complications was significantly higher in the open RC group (n ϭ 104) than in the RARC group (n ϭ 83) (P ϭ .03). Recently, Schumacher et al 26 have reported on surgery-related complications of RARC with intracorporeal urinary diversion in a series of 45 patients according to the Clavien classification. Overall, fewer complications were observed between the groups over time, with a significant decrease in late versus early complications. In the prospective randomized clinical trial of Parekh et al, 9 the complication rates of the groups undergoing the open approach (n ϭ 20) and the robotic approach (n ϭ 20) were not significantly different regarding Clavien grade 2 or greater complications. Other authors also did not find any significant differences between the open and robotic approaches in terms of complications. 8, 12, 14, 15, 27 In the study of Sung et al, 11 although the overall complication rates were similar between the open and robotic groups, the percentages of patients with grade 2 or greater complications and with multiple complications were significantly lower in the robotic group. They also reported a significantly decreased rate of wound problems in the robotic group. We think that better cosmetic results might be another advantage of the robotic approach, particularly in female patients (Figures 6a and  6b) . Therefore, according to the published literature, the robotic approach does not seem to have an increased risk of complications compared with the open approach.
Using a nerve-sparing technique during open RC is suggested and is expected to preserve urinary continence and erectile function after surgery. 28 Regarding the robotic approach, Menon et al 29 stated that NVB-sparing RARC combines the oncologic principles of open surgery with the technical advantages of the surgical robot, which allows a precise, gentle, quick, and safe operation. In our series intra-fascial bilateral NVB-sparing RARC was performed in most cases.
Functional outcomes including postoperative continence and penile erection are not reported in detail after RARC in most of the articles in the literature. Among the available patients who have completed 9 months' follow-up, no significant differences were detected in terms of daytime and nighttime incontinence in those who underwent open or robotic intracorporeal Studer urinary diversion (Table  5) . However, there was a trend toward improved daytime continence with no pad use and decreased rates of severe daytime incontinence that might be because of better preservation of the NVBs during the robotic approach compared with open surgery (Tables 5 and 6 ). With an increase in patient numbers in both groups and increase in follow-up, a statistically significant difference could have been expected.
Among the available patients who have completed 9 months' follow-up, no significant differences were detected in terms of erectile function in those with no erectile dysfunction or mild dysfunction preoperatively who underwent open or robotic intracorporeal Studer urinary diversion, although the robotic group had greater preservation of the NVBs (Table 6 ). However, the limited number of patients and short length of follow-up are the main limitations of our study that are expected to have an impact on the outcomes. Multicenter studies with increased numbers of patients and with longer follow-up periods would be needed to better investigate particularly the functional outcomes.
CONCLUSIONS
The evolving technique of NVB-sparing RARC with extended PLND and intracorporeal Studer pouch urinary reconstruction yielded excellent postoperative surgical and pathologic outcomes and satisfactory functional results despite being a complex surgical procedure. According to our experience, when compared with the open approach, robotic surgery has the advantages particularly of decreased blood loss, giving the console surgeon the chance to better preserve the NVBs; an increased LN yield; and decreased rates of hospital readmissions postoperatively. Though not statistically significant, there was a trend toward improved daytime continence with no pad use and decreased rates of severe daytime incontinence in the robotic group. A cosmetic advantage that includes only abdominal port-site incisions exists, particularly in female patients, compared with open surgery.
